SMARAD - Centre of Excellence in Smart Radios and Wireless Research - Activity Report 2011 - 2013 by Räisänen, Antti (editor)
9HSTFMG*afieed+ 
ISBN 978-952-60-5844-3 
ISBN 978-952-60-5845-0 (pdf) 
ISSN-L 1799-4896 
ISSN 1799-4896 
ISSN 1799-490X (pdf) 
 
Aalto University 
School of Electrical Engineering 



































































































Department of Radio Science and Engineering 
SMARAD 
 
Centre of Excelence in 
Smart Radios and 
Wireless Research 
 
Activity Report 2011-2013 
Antti Räisänen (editor) 
REPORT SCIENCE + 
TECHNOLOGY 
 











Centre of Excellence in Smart Radios and 
Wireless Research 
 
Activity Report 2011-2013 
 
 






School of Electrical Engineering 









Centre of Excellence in Smart Radios and Wireless Research 
Activity Report 2011-2013 
Antti Räisänen (editor) 
ABSTRACT
Centre of Excellence in Smart Radios and Wireless Research (SMARAD), originally established 
with the name Smart and Novel Radios Research Unit, is aiming at world-class research and 
education in Future radio and antenna systems, Cognitive radio, Millimetre wave and THz 
techniques, Sensors, and Materials and energy, using its expertise in RF, microwave and millimetre 
wave engineering, in integrated circuit design for multi-standard radios as well as in wireless 
communications.  
SMARAD has the Centre of Excellence in Research status from the Academy of Finland since 2002 
(2002-2007 and 2008-2013). Currently SMARAD consists of five research groups from three 
departments, namely the Department of Radio Science and Engineering, Department of Micro and 
Nanosciences, and Department of Signal Processing and Acoustics, all within the Aalto University 
School of Electrical Engineering. The total number of employees within the research unit is about 
100 including 8 professors, about 30 senior scientists and about 40 graduate students and several 
undergraduate students working on their Master thesis.  
The relevance of SMARAD to the Finnish society is very high considering the high national income 
from exports of telecommunications and electronics products. The unit conducts basic research but 
at the same time maintains close co-operation with industry. Novel ideas are applied in design of 
new communication circuits and platforms, transmission techniques and antenna structures. 
SMARAD has a well-established network of co-operating partners in industry, research institutes 
and academia worldwide. It coordinates a few EU projects. The funding sources of SMARAD are 
diverse including the Academy of Finland, EU, ESA, Tekes, and Finnish and foreign 
telecommunications and semiconductor industry. As a by-product of this research SMARAD 
provides highest-level education and supervision to graduate students in the areas of radio 
engineering, circuit design and communications through Aalto University and Finnish graduate 
schools. 
During years 2011 – 2013, 18 doctor degrees were awarded to the students of SMARAD. In the 
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1. Introduction to SMARAD 
 
Centre of Excellence in Smart Radios and Wireless Research (SMARAD) 
 
In 2001 the Academy of Finland appointed SMARAD with the name “Smart and Novel Radios 
Research Unit” as one of the centres of excellence in research for the period 2002–2007. In 2006 the 
Academy announced its decision that the renewed SMARAD (“Centre of Excellence in Smart 
Radios and Wireless Research”) was appointed a Centre of Excellence for years 2008–2013, see 
http://smarad.aalto.fi/en/. 
According to the Academy: “Centres of excellence are research units or researcher training units 
which comprise one or more high-level research teams that are at or near the international cutting 
edge of research in their field. They will also share a common set of objectives and work under the 
same management. Funding for centres of excellence comes not only from the Academy, but also 
from the host organisations of the units concerned, and possibly from other funding bodies, such as 
Tekes, business enterprises and foundations. A centre of excellence may be a unit of research teams 
working at both universities and research institutes.” 
Currently the number of Centres of Excellence is decreasing: the Academy Board appointed 18 
centres of excellence for the national CoE programme for 2008–2013, 15 centres for 2012–2017, 
and 14 centres for the years 2014–2019. Unfortunately, SMARAD is not among the 14 centres 
appointed for 2014–2019. 
SMARAD was originally formed by in 2006 by the Radio Laboratory and the Signal Processing 
Laboratory of the Department of Electrical and Communications Engineering, Helsinki University 
of Technology (TKK). In 2006, the Electronic Circuit Design Laboratory of TKK joined SMARAD. 
After the restructuring of the TKK organization, the current SMARAD involves research groups 
from three departments, namely the Department of Radio Science and Engineering, Department of 
Micro and Nanosciences, and Department of Signal Processing and Acoustics, all within the Aalto 
University School of Electrical Engineering.  
SMARAD provides world-class research and education in RF, microwave and millimetre wave 
engineering, in integrated circuit design for multi-standard radios as well as in wireless 
communications. In microwave and millimetre wave engineering it is also the only research unit in 
Finland. SMARAD is a contributor to MilliLab, ESA External Laboratory (a joint institute between 
VTT and Aalto University School of Electrical Engineering), see http://virtual.vtt.fi/virtual/millilab/.  
The total number of employees within the research unit is about 90 including 25–30 senior scientists 
and 40–45 doctoral students and several students working on their Master thesis. The unit conducts 
basic research but at the same time maintains close co-operation with industry. Novel ideas are 
applied in design of new communication circuits and platforms, transmission techniques and 
antenna structures resulting also in patents and invention reports. ‘Smart’ in SMARAD’s name 
refers to adaptability of antennas, radio devices, or materials to RF signals or fields. 
SMARAD has a well-established network of co-operating partners in industry, research institutes 
and academia worldwide. It has coordinated a few EU projects. The funding sources of SMARAD 
are also diverse including the Academy of Finland, Tekes, and the Finnish and foreign 
telecommunications and semiconductor industry. As a by-product of this research SMARAD 
provides highest-level education and supervision to graduate students in the areas of radio 
engineering, circuit design and communications through Aalto University and Finnish graduate 
schools and networks. 
 
SMARAD Principal Investigators are (2013): 
Prof. Antti Räisänen, chair: Millimetre wave and THz techniques 
Academy prof. Visa Koivunen, vice-chair: Communications and statistical signal processing 




Prof. Sergei Tretyakov: Advanced artificial electromagnetic materials and smart structures 
Prof. Katsuyki Haneda: RF applications in mobile communications and non-destructive testing 
 
Members of the Scientific Advisory Board of SMARAD (2013):  
Prof. Danielle Vanhoenacker-Janvier, Université Catholique de Louvain (UCL), Belgium 
Prof. Björn Ottersten, Royal Insitute of Technology Stockholm (KTH), Sweden 
Professor Heli Jantunen, Oulu University 
Professor, Vice-Rector Ilkka Niemelä, Aalto University 
Dr Ritva Dammert, Aalto University 
Dr Kati Sulonen, Academy of Finland 
Dr Hannu Kauppinen, Nokia Research Center 
Dr Jani Ollikainen, Nokia Research Center 
 
2. Research teams in the end of 2013 
 
1. Millimetre wave and THz techniques. The research group is led by Prof. Antti Räisänen. 
There are 3 other senior researchers with a doctoral degree and 9 researchers working towards 
their doctoral degree. 
2. Advanced artificial electromagnetic materials and smart structures. This research group is 
led by Prof. Sergei Tretyakov. Prof. Constantin Simovski works in this group. The research 
group includes 2 other senior researchers, and 7 researchers working towards their doctoral 
degree.
3. RF applications in mobile communications and non-destructive testing. This research group 
is led by Prof. Katsuyuki Haneda. There are 4 other senior researchers with a doctoral degree 
and 8 researchers working towards their doctoral degree. Prof. Pertti Vainikainen led this group 
until June 2012. 
4. Communications and statistical signal processing. The research group is led by Academy 
prof. Visa Koivunen. Prof. Risto Wichman works full time in this research group. In addition, 
there are 4 other senior researchers with a doctoral degree in the group. There are 13 researchers 
working towards their doctoral degree. 
5. Electronic circuit design. The research group is led by Prof. Kari Halonen. Prof. Jussi 
Ryynänen works full time in this research group. The group includes 2 other senior researchers 
with a doctoral degree and 11 researchers working towards their doctoral degree. 
 
3. Highlights of SMARAD research in 2013 
 
The Centre of Excellence in Smart Radios and Wireless Research, SMARAD, specialises in 
research into RF, microwave and millimetre wave techniques, integrated circuit design for multi-
standard radios as well as wireless communications. Areas of special interest include RF techniques 
for wireless data communications, radio channel modelling and measurement, new and smart 
materials and structures, smart (adaptive) antennas, integrated circuit design for multi-standard 
radios, receiver structures and architectures and the signal processing algorithms they require. The 
results will have practical application especially in future wireless communication systems. In the 
following the SMARAD research in 2013 is described under the following titles: Future radio and 







3.1 Future Radio and Antenna Systems  
 
Future wireless systems demand ever higher data rates and wider bandwidths. Meeting these 
demands continues to be a challenging and wide research topic ranging from antennas and 
propagation to system concepts. The future of wireless communications is strongly heterogeneous, 
where different systems coexist in the same bands requiring highly flexible and reconfigurable 
transceivers. Moreover, interference management is a major issue since cell sizes are getting 
smaller, networks may be single frequency networks and network planning may not be feasible in 
some deployments (e.g. pico-cell and femto-cell deployments, ad-hoc networks) where cell sizes are 
shrinking. Spectral efficiencies should be improved simultaneously giving rise to different multiple 
antenna techniques including cooperative MIMO, closed-loop MIMO, multiuser MIMO, as well as 
diversity transmission schemes.  
In addition, future wireless systems require new network topologies characterized by flexible 
spectrum use and cooperative techniques. So far wireless cellular systems have been optimized for 
wide area coverage, while WLAN has targeted short-range communications and it lacks 
mechanisms to support, e.g., mobility, necessary to wide area systems. System architecture for local 
area communications combining the mobility and services of cellular systems and high data rates 
and self-organization and autoconfigurability of WLAN would be highly desirable. 
 
Relays in wireless communication systems. Relays that receive and retransmit the signals between 
network nodes can be used to increase throughput or extend coverage of networks and facilitate 
novel network topologies. Relays can be classified into amplify-and-forward (AF) relays and 
decode-and-forward (DF) relays. The former ones retransmit the signal without decoding DF relays 
decode the received signal, encode the signal again, and transmit.  
From signal processing point of view AF relays offer interesting challenges in terms of cooperation 
between multiple relays, channel estimation and equalization and utilization of channel state 
information in multihop networks. Spectral shaping of the transmitted signal requires advanced 
techniques for digital filter design. DF relays, for one, offer various possibilities to optimize the 
resource sharing between transmit and receive slots and develop joint encoding and decoding 
techniques in multiple access systems. Our research develops concepts and analysis for relay 
enhanced wireless networks. 
 
Full-duplex communications. Relays like other wireless transceivers may operate in half-duplex 
mode, i.e. they do not transmit and receive simultaneously in the same frequency band, or in (in-
band) full-duplex mode. The latter operation typically requires a spatial separation between transmit 
and receive antennas to reduce loop-back interference from the transmit antennas to the receive 
antennas. Implementation costs of full-duplex transceivers are higher than those of half-duplex ones 
and their operation range is limited determined by transmit and receive powers and interference 
levels. On the other hand full-duplex relays may improve system throughput when the transceivers 
do not require two separate channel resources for reception and transmission. Gains, however, 
depend on several system parameters, e.g. the symmetry of the traffic between the network nodes. 
Full-duplex MIMO transceivers inevitably require adaptive loop interference cancellation 
techniques in RF domain and digital baseband, the latter being outlined in Fig. 1. The transceiver 
may optimize spatial transmit and receive filters to mitigate loop interference based on different 
amount of side information on the channels (left), or subtract the estimated interference (right), or 
combine these two approaches. In addition to algorithm design, the effect of loop interference must 
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Spatial degrees-of-freedom of multipath propagation channels.  A method of estimating spatial 
degrees of freedom (SDoF) in measured multipath propagation channels was established.  The 
SDoF is the maximum number of eigenchannels for spatial diversity and multiplexing and is 
affected by the antenna aperture size and propagation channel conditions.  The SDoF is derived by 
means of the spherical-wave expansion of electromagnetic fields radiated from an antenna array 
having a certain aperture size. The SDoF estimates are independent of particular realization of 
antenna elements on the aperture.  Therefore, the SDoF provides the number of antenna elements on 
the aperture for efficient improvement of the system performance by utilizing the spatial 
transmission, e.g., diversity and multiplexing.  Figure 8(a) shows the SDoF for various multipath 
channel conditions in measured indoor scenarios.  The legends “D1” to “D3” correspond to line-of-
sight (LOS) conditions with varying transmit-receive antenna distances, while the legends “A” to 
“C” and “E” represent obstructed-LOS (OLOS) conditions.  The legend “F” is under a non-LOS 
(NLOS) case.  The results reveal that the SDoF does not depend significantly on conventional 
classification of LOS, OLOS, NLOS conditions. Noticeable trend of the SDoF is observed only 
when the transmit-receive distance is extremely short in “D1”, and when the LOS is totally blocked 
in “F”, which lead to the lowest and highest SDoF, respectively.  When calculating the SDoF per 
unit electrical antenna aperture size, it is possible to discuss the efficiency of spatial 
communications.  Figure 8(b) shows the result for various radio frequencies, indicating that lowest 
frequency tested in our measurement, 2.4 GHz, has the best potential for channel capacity 
improvement by means of spatial communications since there are more SDoF attainable per unit 
electrical antenna aperture size. 
(a) (b) 
Fig. 8. (a) Dependence of the SDoF on the electrical aperture size of an antenna array at 
6GHz radio frequency for various measured indoor channels. (b) SDoF per unit electrical 
antenna aperture size, plotted for different radio frequencies.
 
Wideband RFICs and antennas with interface impedance optimization. The interface for a 0.7 
to 2.7 GHz mixer-first receiver and compact-size capacitive coupling element (CCE) antenna was 
implemented first in 2011. A realization of the system is illustrated in Fig. 9 together with a block 
diagram of the antenna RFIC interface implementation. The optimization of the RF interface allows 
for optimal noise and blocker performance while simultaneously achieving narrowband 
instantaneous matching to the antenna. The system integration and measurements were performed 
during 2012. The measurements included both the characterization measurements of the antenna 
and the RFIC and over-the-air measurements of the full system. Figure 9 (right) shows the 
micrograph of the implemented receiver and the PCB configuration around the IC. Additionally, a 
synthesizer making use of the digital-period synthesis (DPS) has been implemented during 2011-
2012 which is able to support the operation frequency range of this work. 
The joint measurements of the 0.7 to 2.7 GHz mixer-first receiver and compact-size capacitive 
coupling element (CCE) antenna were finalized in 2013. A photograph of the measurement setup is 
illustrated in Fig. 10 together with an implementation picture of demonstration board. The 
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refraction properties without strong spatial dispersion. The final project report (November 2013) 
was approved by the European commission (January 2014). 
 
METIS 
Since 2012, SMARAD has been active in the FP7 IP ICT – 317669 METIS (Mobile and wireless 
communications Enablers for the Twenty-twenty Information Society). The METIS-project aims at 
laying foundations for the next generation – so called fifth-generation – cellular wireless 
communications.  One of the important technological elements that constitute the fifth-generation 
cellular network is millimeter-wave radio communications, for which the SMARAD is contributing 
by developing a radio propagation channel model. 
 
COST IC1004 
SMARAD has been participating in the COST Action IC1004 “Cooperative radio communications 
for green smart environments”. The action involves 135 institutions from 35 countries including 
participation from Asia and Americas. The action concerns Smart Wireless Environments, like the 
human body, energy efficient buildings, vehicular or urban environments, where many devices are 
connected to wireless networks. The radio channel is central to the design of smart wireless 
environments, and the SMARAD contributes to the radio channel modeling aspects for diverse 
types of environments. 
 
COST IC1102 
SMARAD contributes to the COST Action IC1102 “Versatile, Integrated, and Signal-aware 
Technologies for Antennas (VISTA)”.  The action involves over 100 institutions from 32 countries 
including participation from North America, Africa, and Oceania.  Main focus of the action is 
design of resilient, energy-efficient, and adaptive antenna systems that can work in varying wireless 
environments. SMARAD has been active in the action with respect to adaptive small antenna design 
and measurement methodology, especially for mobile devices including smart phones. 
 
ARTEMOS 
From April 2010, SMARAD has been active in ENIAC research project ARTEMOS (Agile RF 
Transceivers and Front-Ends for Future Smart Multi-Standard Communications Applications). This 
project aims at developing architecture and technologies for implementing agile radio frequency 
(RF) transceiver capacities in future radio communication products. These new architecture and 
technologies will be able to manage multi-standard (multi-band, multi-data-rate, and multi-
waveform) operation with high modularity, low-power consumption, high reliability, high 
integration, low costs, low PCB area, and low bill of material (BOM). Prof. Jussi Ryynänen, is 
reponsible of developing direct delta-sigma receiver in WP4 of this project. 
 
RODIN 
From October 2010 to September 2013, SMARAD has been active in the FP7 Reseach Project 
RODIN (Suspended Graphene Nanostructures). The RODIN-project is organized around the 
concept of suspended single-and few-layer graphene nanostructures and annealed diamond-like 
carbon films. In particular project focuses on engineering and measuring the mechanical and 
electromechanical properties. Prof. Jussi Ryynänen, is reponsible of evaluating electrical 




5. SMARAD funding in 2011–2013
 
2011:
      RAD  SA  MNT  Total 
Univ. budget (incl. extra funding for CoE) 1.216.000    404.000    511.000 2.131.000 
External (competitive) funding  1.940.000    965.000 1.613.000 4.518.000 
Total      3.156.000 1.369.000 2.124.000 6.649.000 
 
External funding from the following sources: 
- Academy of Finland (CoE)     351.000    136.000      79.000    566.000 
- Academy of Finland      519.000    481.000    421.000 1.421.000 
- TEKES       418.000      68.000    309.000    795.000 
- GETA          83.000      25.000     67.000    175.000 
- ESA          40.000              -               -      40.000 
- EU        305.000        1.000      98.000    404.000 
- Finnish industry and other domestic    224.000    254.000    639.000 1.117.000 
 
2012:
      RAD  SA  MNT  Total 
Univ. budget (incl. extra funding for CoE) 1.343.000    733.000    405.000 2.481.000 
External (competitive) funding  1.924.000 1.130.000 1.586.000 4.640.000 
Total      3.267.000 1.864.000 1.990.000 7.121.000 
 
External funding from the following sources: 
- Academy of Finland (CoE)     500.000    157.000      87.000    744.000 
- Academy of Finland      435.000    621.000    337.000 1.393.000 
- TEKES       411.000    110.000    425.000    946.000 
- GETA        124.000      71.000      89.000    284.000 
- ESA          57.000              -      20.000      77.000 
- EU        216.000              -      59.000    275.000 
- Finnish industry and other sources    181.000     171.000    569.000    921.000 
 
2013:
      RAD  SA  MNT  Total 
Univ. budget (incl. extra funding for CoE) 1.392.000    672.900    542.700 2.607.600 
External (competitive) funding  1.307.000 1.296.300 1.376.100 3.979.400 
Total      2.699.000 1.969.200 1.918.800 6.587.000 
 
External funding from the following sources: 
- Academy of Finland (CoE)     441.000    141.200    341.235    923.435 
- Academy of Finland      239.000    656.800    241.765 1.137.565 
- TEKES       209.000    138.200    410.700    757.900 
- National doctoral school                0               0               0               0 
- ESA        116.000               0               0    116.000 
- EU          53.000               0      72.400    125.400 





6. SMARAD personnel during 2011–2013
 
In the Department of Radio Science and Engineering: 
Ala-Laurinaho, Juha, D.Sc.(Tech.) Senior scientist 
Albooyeh, Mohammad, M.Sc. Doctoral student 
Alitalo, Pekka, D.Sc.(Tech.) Post-doctoral researcher 
Amin, Amee, B.Sc. Research assistant 
Asadchy, Viktar, M.Sc. Research assistant, Doctoral student 
Bin Abdullah Al-Hadi, Azremi, M.Sc. Doctoral student 
Chicherin, Dmitry, Lic.Sc. (Tech.) Doctoral student 
Dahlberg, Krista, Lic.Sc.(Tech.). Doctoral student 
Du, Zhou, M.Sc. Doctoral student 
Enayati, Amin, M.Sc. Visiting doctoral student 
Ermolov, Kirill, Mr. Research assistant 
Flood, Matthew, Mr. IAESTE trainee 
Gallacher, Thomas, PhD Post-doctoral researcher 
Generalov, Andrey, M.Sc. Doctoral student 
Geng, Suiyan, Lic.Sc. (Tech.) Doctoral student 
Haapiainen-Laine, Sari, BBA Financial assistant 
Haimakainen, Johannes, Mr. Research assistant 
Haneda, Katsuyuki, D.Sc. Post-doctoral researcher, Assistant Professor 
Hashemi, Seyedmohammade, M.Sc. Stipendiate 
Heino, Mikko, Mr. Research assistant 
Hernandez Zamora, Bruno, B.Sc. Erasmus stipendiate 
Holopainen, Jari, D.Sc.(Tech.) University teacher 
Huang, Yi, B.Sc. Research assistant 
Icheln, Clemens, D.Sc.(Tech.) University teacher 
Ilvonen, Janne, M.Sc.(Tech.) Doctoral student 
Islam, Md. Mazidul, B.Sc. Research assistant 
Järveläinen, Jan, M.Sc.(Tech.) Doctoral student 
Kari, Henri, Mr. Research assistant 
Karilainen, Antti, M.Sc. (Tech.) Doctoral student  
Karttunen, Aki, D.Sc.(Tech.) Post-doctoral researcher 
Khanal, Subash, M.Sc.(Tech.) Doctoral student 
Khatun, Afroza Mst, M.Sc. Doctoral student 
Kiuru, Tero, M.Sc. (Tech.) Doctoral student 
Kivekäs, Outi, D.Sc. (Tech.) Post-doctoral researcher 
Kolmonen, Veli-Matti, D.Sc. (Tech.) Post-doctoral researcher 
Kurvinen, Joni, Mr. Research assistant 
Kyrö, Mikko, D.Sc.(Tech.) Post-doctoral researcher 
Laitinen Tommi, D.Sc. (Tech.) Senior scientist 
Laurila, Pekka, Mr. Research assistant 
Lindberg, Stina, B.Sc.(Econ.) HR Secretary 
Lioubtchenko, Dmitri, Ph.D. Academy research fellow 
Luukkonen, Olli, D.Sc. (Tech.) Post-doctoral researcher 
Maksimovitch, Yelena, Dr. Researcher  
Mallat, Juha, D.Sc.(Tech.) Senior University Lecturer 
Medina Acosto, Gerardo, B.Sc. Erasmus stipendiate 
Meriläinen Mikko, Mr. Research assistant 




Mikhnev, Valeri, Dr. Senior scientist  
Mirmoosa, Mohammad, M.Sc.(Tech) Research assistant 
Molina Hurtado, Daniel, B.Sc. Research assistant 
Morits, Dmitry, M.Sc. Doctoral student 
Mylläri, Tuula, Ms. Secretary  
Mäkelä, Sampo, B.Sc. Research assistant 
Nefedov, Igor, Dr.Sc. Senior scientist 
Nefedova, Irina, M.Sc. Research assistant, Doctoral student 
Niemi, Teemu, B.Sc. (Tech.). Research assistant 
Olkkonen, Martta-Kaisa, M.Sc.(Tech.) Doctoral student 
Parveg, Dristy, M.Sc. Doctoral student 
Piiroinen, Kalle, Mr. Research assistant 
Planman, Irma, Ms. HR Secretary 
Pousi, Patrik, D.Sc. (Tech.) Post-doctoral researcher 
Podlozny, Vladimir, Ph.D. Project manager and senior scientist 
Popovic, Delia, Ms. Project secretary 
Poutanen, Juho, M.Sc. (Tech.) Doctoral student 
Piiroinen, Kalle, Mr. Research assistant 
Pusa, Jehki, Mr. Research assistant 
Radi, Younes, M.Sc. Doctoral student 
Rasilainen, Kimmo, M.Sc.(Tech.) Research assistant, Doctoral student 
Robertson, Jean-Baptiste, M.Sc.Eng Project coordinator 
Räisänen, Antti, D.Sc.(Tech.) Professor, Head of the department 
Saber, Arif Mohammad, B.Sc. Research assistant 
Salo, Sampo, Mr. Research assistant 
Semkin, Vasilii, M.Sc. Doctoral student 
Simovski, Constantin, Dr.Sc. Professor 
Song, Jinsong, B.Sc. Research assistant 
Takizawa, Kenichi, Dr. Visiting researcher 
Tamminen, Aleksi, D.Sc.(Tech.) Doctoral student, Post-doctoral researcher 
Tretyakov, Sergei, Dr.Sc.  Professor  
Törmänen, Olli, Mr. Research assistant 
Vahdati, Ali, M.Sc.(Tech.) Doctoral student 
Vainikainen, Pertti, D.Sc. (Tech.) Professor 
Valagiannopoulos, Costas, Dr. Post-doc researcher 
Valkonen, Risto, D.Sc.(Tech.) Doctoral student, Post-doctoral researcher 
Vehmas, Joni, M.Sc.(Tech.) Research assistant, Doctoral student 
Venkatasubramanian, Sathya, M.Sc. Research assistant, Doctoral student 
Viikari, Ville, D.Sc.(Tech.) Assistant Professor 
Virk, Usman, M.Sc. (Tech.) Research assistant, Doctoral student 
Zvolensky, Tomas, M.Sc. Doctoral student  
 
In the Department of Signal Processing and Acoustics: 
Aho, Janne, B.Sc.(Tech.) Research assistant  
Aittomäki, Tuomas, M.Sc.(Tech.) Doctoral student 
Balakrishnan, Arun, Mr. Stipendiate 
Basiri, Shahab, B.Sc. Research student 
Bica, Marian, B.Sc. Research assistant 
Bysany D., Satish, B.Sc. Research assistant 




Chis, Adriana, M.Sc. Visiting researcher, Doctoral student 
Cierny, Michal, M.Sc. Doctoral student 
Dhamala, Ujjwal, B.Sc. Research assistant 
Eriksson, Jan, D.Sc. (Tech.) Senior scientist 
Haghparast, Azadeh, M.Sc. Doctoral student 
Hietala, Markku, Mr. Project secretary 
Hynninen, Jussi, M.Sc.(Tech.) Computer administrator 
Jacob Mathecken, Pramod, M.Sc. Doctoral student 
Jänis, Pekka, M.Sc.(Tech.) Doctoral student 
Jäntti, Joona, Mr. Research assistant 
Kashyap, Neelabh, M.Sc. Research assistant, Doctoral student 
Kim-Ollila, Hyon-Jung, Ph.D. Visiting Scholar 
Koivisto, Tommi, M.Sc.(Tech.) Doctoral student 
Koivunen, Visa, D.Sc.(Tech.) Academy professor 
Lairila, Jenni, Ms. Research assistant 
Le, Vieth-Anh, M.Sc. Doctoral student 
Lemetyinen, Mirja, Ms. HR secretary 
Lundén, Jarmo, D.Sc.(Tech.) Post-doctoral researcher 
Naseri, Hassan, B.Sc. Research assistant 
Oborina, Alexandra, M.Sc. Doctoral student, Post-doctoral researcher 
Ojaniemi, Jaakko, M.Sc. Doctoral student  
Oksanen, Jan, M.Sc. Doctoral student 
Ollila, Esa, D.Sc. (Tech.) Academy fellow 
Pereira Da Costa, Mario, M.Sc. Doctoral student 
Pölönen, Keijo, M.Sc.(Tech.) Doctoral student 
Rajamäki, Robin, Mr. Research assistant 
Rajasekharan, Jayaprakash, M.Sc. Doctoral student 
Rautiainen, Terhi, D.Sc.(Tech.) Post-doctoral researcher 
Razavi, Seyed Alireza, D.Sc.(Tech.) Post-doctoral researcher 
Richter, Andreas, D.Sc. Professor 
Saeed, Umar, B.Sc. Research assistant 
Riihonen, Taneli, M.Sc.(Tech.) Doctoral student 
Saeed, Umar, B.Sc. Research assistant 
Salmi, Jussi, D.Sc.(Tech.) Post-doctoral researcher 
Schober, Karol, M.Sc. Doctoral student 
Sikander, Ulla, Ms. Project secretary 
Simonen, Tarmo, M.Sc.(Tech.) Computer administrator 
Vehkaperä, Mikko, PhD Post-doctoral researcher 
Werner, Stefan, D.Sc.(Tech.) Academy fellow 
Wichman, Risto, D.Sc.(Tech.) Professor 
 
In the Department of Micro and Nanosciences: 
Aaltonen, Lasse, Lic.Sc. (Tech.)  Doctoral student 
Chouhan Shailesh M.Sc. (Eng) Doctoral student 
Gronicz Jakub, M.Sc.(Eng.)  Doctoral student 
Halonen, Kari, D.Sc.(Tech.) Professor, Head of the department 
Jamalizavareh Shiva, B.Sc. Research assistant 
Kalanti, Antti, M.Sc. (Tech.)  Doctoral student 
Kaltiokallio, Mikko, M.Sc.(Tech.)  Doctoral student 




Kärkkäinen, Mikko, Lic.Sc.(Tech.)  Doctoral student 
Laulainen, Erkka, Mr. Research assistant 
Lemberg, Jerry, B.Sc.(Tech) Research assistant 
Nieminen, Tero, M.Sc.(Tech.) Doctoral student 
Olabode Olaitan, B.Sc. Research assistant 
Parveg Dristy M.Sc. (Eng) Doctoral student 
Pulkkinen, Mika, B.Sc. Research assistant 
Rapinoja, Tapio, M.Sc.(Tech.)  Doctoral student 
Ryynänen, Jussi, D.Sc.(Tech.) Professor 
Saari, Ville, Lic.Sc. (Tech.)  Doctoral student  
Salomaa, Jarmo, M.Sc.(Tech.) Doctoral student 
Stadius, Kari, D.Sc.(Tech.)  Senior researcher 
Söderman, Lea, Ms. Secretary 
Tikka, Tero, M.Sc.(Tech.) Doctoral student 
Turunen, Vesa, M.Sc.(Tech.)  Doctoral student  
Vahdati, Ali, M.Sc.(Tech.) Doctoral student  
Varonen, Mikko, D.Sc.(Tech.)  Post-doctoral researcher 
Viitala, Olli, M.Sc.(Tech.)  Doctoral student 
Xu, Liangge, M.Sc. (Tech.)  Doctoral student 
Yucetas, Mikail, M.Sc.(Tech.) Doctoral student 




 Prof. Takahiro Aoyagi, Tokyo Institute of Technology, Japan, 1 week 
 Prof. Olga Glukhova, Saratov State University, Russia, 2 weeks 
 Prof. Gregorio Fernando, Universidad Nacional del Sur, Argentina, 2 weeks 
 Prof. Marcello de Campos, Universidad Federal do Rio de Janeiro, Brazil, 1 week 
 Prof. Sergiy Vorobyov, University of Alberta, Kanada, 1 week 
 Prof. Sumit Roy, University of Washington, USA, 1 week 
 Prof. Vincent H. Poor, Princeton University, USA, 1 week 
 
2012:  
 Prof. Silvio Hrabar, University of Zagreb, Croatia, 1 week 
 Prof. Christophe Menzel, University of Jena, Saksa, 2 weeks 
 
2013:
 Prof. Santos Venkatesh, University of Pennsylvania, 1 month 




 B.Sc. Bruno Hernandez Zamora, Universidad Autonoma de Madrid, Spain, 4 months  
 B.Eng. Soichi Saito, Tokyo Denki University, Japan, 2 months  




 B.Eng. Kenshiro Tsutsuki, Tokyo Denki University, Japan, 1 month 
 M.Sc. Seyedmohammad Hashemi, Iran University of Science and Technology, Iran, 3 months  
 Dr Constantinos Valagiannopoulos, University of Athens, Greece, 12 months  
 M.Sc. Amin Enayati, IMEC, Katholieke Universiteit Leuven, Belgium, 7 months  
 Dr Yelena Maksimovich, Institute of Applied Physics, Minsk, Belorussia, 2 months  
 Dr Kenichi Takizawa, National Institute of Information and Communications Technology, Japan, 
5 months 
 M.Sc. Inigo Liberal, Public University of Navarra, 4 months 
 
2012:
 M.Sc. Jaakko Marttila, Tampere University of Technology, Finland 1 month 
 B.Sc. Irina Nefedova, Saratov University, Russia, 8 months 
 M.Sc. Emilio Antonio Rodriguez, University of Vigo, Spain, 3 months 
 Dr Reza Arablouei, University of South Australia, 2 months 
 B.Sc. Ugus Umut, Bogazici University, Turkey, 5 months 
 B.Sc. Jugé Thibault, Grenoble Institute of Technology, France, 6 months 
 B.Sc. Victar Asadchy, Gomel University, Belorussia, 6 months 
 Dr Yelena Maksimovich, Institute of Applied Physics, Minsk, Belorussia, 1 month  
 Dr Kenichi Takizawa, National Institute of Information and Communications Technology, Japan, 
6 months 
 M.Sc. Junichi Naganawa, Tokyo Institute of Technology, 1 month 
 B.Sc. Mikhail Davidovich, Saratov State University, 1 month 
 M.Sc. Zhu Meifang, Lund University, 1 week 
 Dr. Marcello de Campos, Universidad Federal do Rio de Janeiro, Brazil, 1 week 
 Dr. Jose Apolinario, Universidad Federal do Rio de Janeiro, Brazil, 1 week 
 
2013:
 B.Sc. Ana Cardenas, Universidad Politecnica de Madrid, Spain, 2.5 months 
 M.Sc. Alejandro Rivera-Lavado, Universidad Carlos III de Madrid, Spain, 4 months 
 Dr Thomas Gallacher, University of St. Andrews, UK, 11 months 
 Dr Zhiping Li, Beihang University, China, 13 months 
 
8. Visits from SMARAD to foreign institutes in 2011–2013
 
2011:
 Dr Pekka Alitalo, German Aerospace Center, Wessling, Germany, 2 months  
 Dr Katsuyuki Haneda, University of Southern California, Los Angeles, USA, 2 weeks 
 Dr Katsuyuki Haneda, Tokyo Denki University, Japan, 2 weeks 
 Prof. Constantin Simovski, ITMO, St. Petersburg, 2 weeks 
 M.Sc. Tomas Zvolensky, Queen's University, Belfast, UK, 1 month  
 Dr Marko Kosunen, University of California, Berkeley, USA 3 months 
 Dr Mikko Varonen, JPL California Institute of Technology, USA, 11 months 
 Academy prof. Visa Koivunen, Princeton University, USA, 2 months 
 Dr Jarmo Lunden, Princeton University, USA, 8 months 
 M.Sc. (Tech.) Jan Oksanen, Princeton University, USA, 2 months 
 Dr Esa Ollila, Princeton University, USA, 8 months 






 Dr Marko Kosunen, University of California, Berkeley, USA 3 months 
 M.Sc. Mikko Kaltiokallio, University of Nice, France, 1 week 
 Prof. Antti Räisänen, Universidad Politécnica de Catalunya Barcelona, Spain, 1 week 
 Prof. Antti Räisänen, Universidad Politécnica de Madrid, Spain, 1 week 
 Prof. Sergei Tretiakov, Friedrich-Schiller-Universität Jena, Germany, 1 month  
 Dr Katsuyuki Haneda, Tokyo Denki University, Japan, 2 weeks 
 D.Sc.(Tech.) Jari Holopainen, Rheinisch-Westfälische Technische Hochschule, Aachen, 
Germany, 1 month 
 M.Sc. Vasilii Semkin, Université Nice Sophia Antipolis, 1 month 
 M.Sc.(Tech.) Jan Järveläinen, Tokyo Institute of Technology, Japan, 2 weeks 
 M.Sc.(Tech.) Jan Järveläinen, National Institute of Information and Communications 
Technology, Japan, 2 weeks 
 Prof. Visa Koivunen, Princeton University, USA, 2 months 
 M.Sc.(Tech.) Jan Oksanen, Princeton University, USA, 11 months 
 Prof. Risto Wichman, University of California, Davis, San Francisco, USA, 1 week 
 M.Sc.(Tech.) Michal Cierny, University of California, Davis, San Francisco, USA, 1 week 
 Prof. Visa Koivunen, Princeton University, USA, 2 weeks 
 Prof. Visa Koivunen, University of Pennsylvania, USA, 1 week 
 D.Sc (Tech.) Esa Ollila, Princeton University, USA, 1 week 
 D.Sc.(Tech.) Esa Ollila, Supélec, France, 1 week 
 
2013:
 Prof. Antti Räisänen, Universidad Carlos III de Madrid, Spain, 3 months 
 Dr Marko Kosunen, Berkeley Wireless Research Center, USA, 3 months 
 Dr Lauri Koskinen, Berkeley Wireless Research Center, USA, 1 month 
 Prof. Sergei Tretiakov, Technical University of Denmark, Denmark, 3 months 
 Dr Jari Holopainen, Christian-Albrechts-Universität zu Kiel, Germany, 3 months 
 M.Sc. Vasilii Semkin, TU Braunschweig, Germany, 1 month 
 Academy prof. Visa Koivunen, Princeton University, USA, 6 months 
 M.Sc(Tech) Sathya Venkatasbruamanian, Kyoto University, Japan, 1 month 




9. Post-graduate degrees in 2011–2013
 
Doctor of Science (Technology) degrees: 
 
2011:
Jari Holopainen Compact UHF-band antennas for mobile terminals: focus on modelling, 
implementation, and user interaction 
Thesis defence: 29 April 2011 
Opponents: Prof. Dirk Manteuffel, Christian-Albrechts-Universität, Kiel, 
Germany, and Dr Kevin Boyle, EPCOS, UK Ltd, U.K. 




Dr Ping Hui, Nokia Corporation, Canada 
Supervisor: Prof. Pertti Vainikainen 
Ville Saari Continuous-time low-pass filters for integrated wideband radio receivers 
Thesis defence: 29 April 2011 
Opponent: Prof. Mohammed Ismail, The Ohio State University, USA 
Preliminary examiners: Assoc. Prof. Andrea Baschirotto, University of 
Milano-Bicocca, Italy, and Dr Kimmo Koli, ST-Ericsson, Finland 
Supervisor: Prof. Jussi Ryynänen 
Juho Poutanen Geometry-based radio channel modelling: Proopagation analysis and concept 
development 
Thesis defence: 13 May 2011 
Opponents: Dr Jonas Medbo, Ericsson Research, Sweden, and Prof. Martine 
Lienard, University of Lille, France 
Preliminary examiners: Prof. Mir Ghoraishi, Tokyo Institute of Technology, 
Japan, and Dr Tricia Willink, Communication Research Centre, Canada 
Supervisor: Prof. Pertti Vainikainen 
Suiyan Geng Millimeter wave and UWB poropagation for high throughput indoor 
communications 
Thesis defence: 2 November 2011  
Opponent: Fredrik Tufvesson, Lund University, Sweden 
Preliminary examiners: Dr Chia-Chin Chong, NTT Dokomo Labs, Palo Alto, 
USA,  and Prof. Hirokazu Sawada, Tohoku University, Sendai, Japan 
Supervisor: Prof. Pertti Vainikainen 
Tero Kiuru Characterization, modelling, and design for applications of waveguide 
impedance tuners and Schottky diodes at millmeter wave lengths 
Thesis defence: 12 December 2011 
Opponent: Prof. Jan Stake, Chalmers University of Technology, Gothenburg, 
Sweden 
Preliminary examiners: Dr Thomas Crowe, Virginia Diodes Inc., 
Charlottesville, USA, and Dr Imran Mehdi, Jet Propulsion Laboratory, 
Pasadena, USA 
Supervisor: Prof. Antti Räisänen 
Dmitri Chicherin Studies on microelectromechanically tuneable high-impedance surface for 
millimetre wave beam steering 
Thesis defence: 2 December 2011 
Opponent: Prof. Didier Lippens, Université des Sciences et Technologie de 
Lille, France 
Preliminary examiners: Prof. Wolfgang Menzel, University of Ulm, 
Germany, and Dr Tauno Vähä-Heikkilä, VTT Technical Research Centre of 
Finland 
Supervisor: Prof. Antti Räisänen 
 
2012:
Antti Karilainen Magnetic materials and responses in antenna applications 
Thesis defence: 10 August 2012 
Thesis supervisor: Prof. Sergei Tretiakov 
 Opponent: Prof. Richard Ziolkowski, University of Arizona, Tucson, USA 
Preliminary examiners: Prof. Andrea Alù, University of Texas, Houston, 





Sachin Chaudhari Spectrum sensing for cognitive radios: algorithms, performance, and 
limitations 
Thesis defence: 23 October 2012 
 Thesis supervisor: Academy Prof. Visa Koivunen 
Opponents: Dr. Ananthram Swami, Army Research Laboratory, MD, USA 
and Prof. Marco Lops, University of Cassiano, Italy 
Preliminary examiners: Dr. Ananthram Swami, Army Research Laboratory, 
MD, USA and Prof. Sergio Barbarossa, University of Rome ´La Sapienza´, 
Italy 
 
Alexandra Oborina Analyzing performance of mobile MIMO-OFDM wireless systems: tools and 
results 
Thesis defence: 21 September 2012 
 Thesis supervisor: Academy Prof. Visa Koivunen 
Opponents: Prof. Tapani Ristaniemi, University of Jyväskylä, Finland, and 
Assoc. Prof. Kimmo Kansanen, NTNU, Norway 
Preliminary examiners: Prof. Tapani Ristaniemi, University of Jyväskylä, 
Finland, and Dr Samuli Visuri, Nokia, Finland 
 
Eduardo Zacarias B. Limited feedback MIMO techniques for temporally correlated channels and 
linear receivers 
Thesis defence: 3 February 2012 
Thesis supervisor: Prof. Risto Wichman 
Opponents: Assistant Prof. Joakim Jaldén, KTH Royal Institute of 
Technology, Sweden, and Prof. Marcos Katz, CWC Oulun yliopisto, Finland 
Preliminary examiners: Assiatant Prof. Joakim Jaldén, KTH Royal Institute 




Mikko Kyrö Radio wave propagation and antennas for millimeter-wave communication 
Thesis defence: 4 January 2013 
Thesis supervisor: Prof. Antti Räisänen 
Opponent: Prof. Thomas Kuerner, Technical University of Braunschweig 
Preliminary examiners: Prof. Theodore (Ted) S. Rappaport, New York 
University (NYU-Poly), USA, and Dr. Alexis Paolo Garcia Ariza, MEDAV 
GmbH, Uttenreuth, Germany 
 
Risto Valkonen Impedance matching and tuning of non-resonant mobile terminal antennas 
Thesis defence: 15 March 2013 
Thesis supervisor: Prof. Antti Räisänen 
Opponent: Prof. Anja Skrivervik, Ecole Polytechnique Federale de Lausanne, 
Switzerland, Switzerland 
Preliminary examiners: Dr. Marta Martínez Vázquez, IMST GmbH, Kamp-
Lintfort, Germany, and Assoc. Prof. Buon Kiong Lau, Lund University 
(LTH), Sweden 
 





 Thesis defence: 27 June 2013 
Thesis supervisor: Prof. Kari Halonen 
Opponent: Prof. Michael Kraft, Fraunhofer Institute for Microelectronic 
Circuits and Systems, Germany 
Preliminary examiners: Prof. L. Richard Carley, Carnegie Mellon University, 
Pittsburgh, PA, USA, and Dr. Marc Pastre, Ecole Polytechnique Federale de 
Lausanne, Switzerland 
 
Pekka Jänis:  Interference management techniques for cellular wireless communication 
Systems 
Thesis defence: 5 July 2013 
Thesis Advisor: Academy prof. Visa Koivunen 
Opponents: Prof. Gerald Matz, TU Wien, Austria and prof. Constantinos 
Papadias, Athens Information Technology, Greece. 
Preliminary examiners: Prof. Petar Popovski, Aalborg University, Denmark, 
and Dr. Timo Roman, Renesas Mobile Europe, Finland 
 
Aki Karttunen Millimetre and submillimetre wave antenna design using ray tracing 
Thesis defence: 10 September 2013 
Thesis supervisor: Prof. Antti Räisänen 
Opponent: Prof. Andrea Neto, Technical Universtity of Delft, The 
Netherlands 
Preliminary examiners: Assistant Prof. Nuria Llombart, Technical 
Universtity of Delft, The Netherlands, and Dr Artem Boriskin, University of 
Rennes 1, France 
 
Aleksi Tamminen Developments in imaging at millimeter and submillimeter wavelengths 
Thesis defence: 24 September 2013 
Thesis supervisor: Prof. Antti Räisänen 
Opponent: Dr Duncan A. Robertson, University of St Andrews, UK 
Preliminary examiners: Assoc. Professor Sergey Pivnenko, Technical 
University of Denmark, Lyngby, Denmark, and Assistant Prof. Yuri Alvarez, 
University of Oviedo, Spain 
 
Mário Jorge Pereira da Costa: 
Wavefield modeling and signal processing for sensor arrays of arbitrary 
 geometry 
Thesis defence: 3 November 2013 
Thesis advisor: Academy prof. Visa Koivunen 
Opponents: Prof. Lee Swindlehurst, UC Irvine, USA and Prof. Marius 
 Pesavento, TU Darmstadt, Germany 
Preliminary examiners: Prof. Marius Pesavento, TU Darmstadt, Germany, 
and Assoc. Prof. Mats Bengtsson, KTH, Stockholm, Sweden 
 
Azremi Abdullah Al-Hadi: 
 Multi-element antennas for mobile communication systems: Design, 
evaluation and user interactions 
Thesis defence: 8 November 2013 
Thesis supervisor: Prof. Ville Viikari 




Preliminary examiners: Prof. Cyril Luxey, University of Nice Sophia-
 Antipolis, France, and Dr. Tim Brown, University of Surrey, UK 
 
 
Licentiate of Science (Technology) degrees: 
 
2011:
Krista Dahlberg Mixer test jig for millimeter wave Schottky diodes
Graduation date: 7 February 2011 
Supervisor: Prof. Antti Räisänen 
External examiner: Dr. Jyrki Louhi, Nokia Siemens Networks 
 
Aleksi Tamminen On developments in submillimeter-wavelength imaging  
Graduation date: 6 October 2011 
Supervisor: Prof. Antti Räisänen 




Afroza Khatun Advanced scanning techniques for field synthesis and near-field antenna 
measurements 
 Graduation date: June 18, 2012 
 Supervisor: Prof. Pertti Vainikainen 
 External examiner:  Professor Manuel Sierra Castañer, Universidad 
Politécnica de Madrid (UPM), Spain 
 
Janne Ilvonen  Environment insensitive mobile terminal antennas 
 Graduation date: June 18, 2012 
 Supervisor: Prof. Pertti Vainikainen 
 External examiner: D.Sc.(Tech.) Pekka Ikonen, TDK-EPC Corporation 
 
Tero Nieminen Integration of Low-Voltage CMOS Analogue-to-Digital Converters 
 Graduation date: May 28, 2012 
 Supervisor: Prof. Kari Halonen 
 External examiner: Porf. Markku Åberg, VTT 
 
10. Awards, honors, and prizes in 2011–2013
 
2011:
 Best Student Paper Award for paper: S. Kiminki, V. Saari, A. Pärssinen, V. Hirvisalo, A. 
Immonen, J. Ryynänen, T. Zetterman, “Design and Performance Trade-offs in Parallelized RF 
SDR Architecture,” in Proc. Int. Conf. Cognitive Radio Oriented Wireless Networks and 
Communications, Osaka, Japan, Jun. 2011 
 Second Student Paper Award, Metamaterials Congress 2011: Awarded to Antti Karilainen  for 
the paper “Zero-backscattering self-dual object from two chiral particles”,  Metameterials  2011, 







 The International Academy, Research, and Industry Association (IARIA) has granted a Best 
Paper Award to a paper written within SMARAD in cooperation between the research groups of 
Professor Jussi Ryynänen and Professor Visa Koivunen, titled “Dual-Lag Correlation-Based 
Feature Detection of OFDM Signals with Cyclic Phase Compensation”, authored by Vesa 
Turunen, Marko Kosunen, Visa Koivunen and Jussi Ryynänen. The paper was presented at The 
Second International Conference on Advances in Cognitive Radio CORORA 2012 in France in 
spring 2012.  
 Janne Ilvonen received the SEMCAD X Student Research Award 2011, 3rd Price, for his article 
“Mobile Terminal Antenna Performance with the User's Hand: Effect of Antenna Dimensioning 
and Location”  
 
2013:
 University Carlos III of Madrid awarded “Catedra de Excellencia” to Antti Räisänen for 6 
months starting September 27th, 2013 
 Katsuyuki Haneda, Best paper award in antennas and propagation track, VTC2013-Spring. Paper 
title: “Spatial degrees-of-freedom of 60 GHz multiple-antenna channels” 
 Katsuyuki Haneda, Best propagation paper award, EuCAP2013. Paper title: “Dynamics of spatial 
degrees-of-freedom in MIMO mobile channels” 
 Tero Kiuru received the Young Engineer’s award at the XXXIII URSI National Convention on 
Radio Science on April 25, 2013 with his presentation “Thermal characterisation as a part of 
reliability testing of THz Schottky diodes” by T. Kiuru, S. Khanal, J. Mallat, A.V. Räisänen, and 
T. Närhi 
 Finntesting Society has selected the M.Sc. thesis  “Pulsed and transient characterization of THz 
Schottky diodes” by Subash Khanal for a thesis of the year 2012 
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